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Russia has apparently taken the lead in tr ing t 

crops, although Canada has recently started investign- 
tions along siinilar lines. 

The United. States Weather Bureau has long niniii- 
tained special. services in the interest of agriculture 
which may be classed under agricultural iiietewology, 
such as the specid corn and d i e a t  region service, cott,on 
and rice service, fruit service, etc. 

The personal investigations of the n.uthor hitve bwn 
to h d  the critical period for fanil crops and the weathcr 
most affecting them by correlntiiig the crop yielcls with 
the weather conditions for eriods long enough so thn t 

This has beeii done graphically by the curve chart 
and the dot chnrt, as well as by the mathenintical cnl- 
culatioii for giviiig the exact nieasure of relat,ioii beturecn 
two factors, as  espressed in the correlation coeficien t. 

The crops considered iii this paper have been corii, 
otatoes, and winter wheat, and the periods coverrd 

getween 50 and 60 ears. 
Most of the oorre s ntioiis have been in& bctwccn t,lic! 

yields and the teniperature ttnd .rainftdl for cnlenilm 
months and groups of months. From these correlations 
it has been fouxd that the niost iinportniit wt?atlier 
factor for corn is rainfall aiid the most iniportant iiionth 
July. For potatces the most important factor is tem- 
perature, mid the critical nionbh is ~ l s o  July. b4nrc.h is 
the critical moiitli for winter wheat tin11 t,eiiipernt,urc is 
the most iniportiiiit wenthor fnctor. 

oint for J~ily, in its effect ul~on 
the coni yieJd, is 3 ilic Y ies. I t  is found tl!nt n variation 
in the milifall of onc-fourth inch in July in Uliio nt this 
critical rainfall point 1:inkw a vuritition in t,lio corii yield 
of nearly $3,000,000, and a variation of one-hlf inch 
in the rainfall a vsriatibn in the yield of ovcr 1 5 , 0 0 0 , ~ ~ 1  
bushels. In the four greatest. corn States of the central 
part of the United States a variation of one-half inch of 
rain at t-his c.ritical point xnkes a varintioii in t’he value 
of the amount of corn rnised of $5 an acre, or a totd of 
$1 50,000,000. 

When the rainfall in Ohio in July is iiiore t h n  1 inch 
above the iiornml the probability of tlie corn yield bcin 
above the nornid is 95 per cent, and when the riiinfn 
is 1 inch or more below the iioriiid, the )robaLility of 

While July iiiiis t be web and mnclor&dy w11rni for thl! 
best crop of corn, i t  must be cool and moder:~tdy met for 
the best development of potatoes. Sf July rnwages nioro 
than one de ree a day waiiiier than the 1iornial thc 

B only 13 per cent. When the teniperature hus h i l ~  

above the iiornial aiicl the r a h d d  more than one iiicli 
either greater or less than the nonnal, the yiclcl of pot+ 
tom has alwnys been lesa thm tlie iiornial. 

Weather effects for shorter eriocls thnn 111011 ths llnvo 
been determined, and it has 8 een found that the most 
important 10 dnys for corn is immcdintely followiiig 
blossoming, when it must be wet nnd moclerntcly cool. 
For potatoes the 10 days following blossoming niust be 
cool and should be moderate1 wet. For nrbitrnry 10- 
day periods the most critical 9 or corn is from August 1 
to 10, and for potatoes from July 1 to 10. 
In connection with winter m-heat it is-found to be 

much more difficult to determine the dominant weather 
factor as well as the critical period of growth for any 

determine the most critical period of growth P or field 

accidentd coincidences will _I: e eliniinatod. 

The critical rainfcll 

fi 
the coni crop being abovu the ilorinal is on 1 J- 13 pcr cclit. 

probability o f the potato crop being above tlie nverngc 

all-seeded cro or one with a long growing period than 
for spring-see R ed c rop  or those m t h  a comparatively 
short-growing period. 

Chreful correlations between rainfall for months and 
groups of months and the yield of winter wheat in Ohio 
show that tlie rainfall is neither too reat nor too little 
often enough to haw an appreciable e E ect upon the yield 
in cslcdating for the correlation coefficient. 
B ri tmlier are the temperature variations 

to show n doiniiiatiiig effect escept for t e month of 
March. I€ we consider only those years when the mean 
toniperature has varied two degrees or more a day from 
the norniid the probability of a wheat yield being above 
the iiorina.1 is 94 per ccmt with a warin March nnd only 
25 )or cent with a cold March. 

?t is custoniary to credit a good snow covering with 
a good yicld of wintor wheat or to say that a lack of 
siiow blanket is sure to cause a poor yield. But careful 
corrclations iiinde in Ohio seein to show no beneficial 
result from u snow covering or damage from lack of it. 
At l ~ i ~ ~ t  the hiii)w cowring does not have a dominating 
iniluimc.ii. (111 tho other hand, the studies seen1 to show 
thnt bare grouiid with froczing aiid thawing weather 
in Jnnuary is bcni?ficial. 

Furtlior, whilc! n snowfall in January seems to be favor- 
nldt? it is found, contrary to tho usual opinion, that 
snowfa.U in hlarch is decidodlg detrimental to winter 
wheat. In sev.m-~l counties of the State it has been 
found that in neurly every instanco the greater the snow- 
fall in Mu-rh the hiss the wheat yield, aiid that when 
thc snowfall is light tlic yield is 11edy always ahov-e 
fhc nor1nnl. 

It, is h!Iiowd tlirit oi in  of thc Iirst develo nlents of 
tigric.ult,unt,l iiic?tc!olrrlo~y alioultl to find. t L  criticd 
porioil iii tlic growth of the nwioiis staplc. I I ’ 1’10 )s in differ- 
ent sections of the country, mid that, when these are 
found all farm :ic.tivities can lm put on a much more 
profitable basis. 

Those who irrigate in the western districts will know 
better just when to apply the water for the best results, 
and fnrincrs in the ctmtral aiid eastern districts will 
ltwm that i t  will pay to aid nnturtll rainfall by irriga- 
tion. 

It is hc!ieverl that this new agricultural meteorology 
whcn properly d l d o p c d  will ~~if ible  us to express 
rainfall in ternis of rash value rtithw than in inches, 
timipritturi: in thc :hility of tlia farnier to buy instead 
of in dwgr(w, niicl sunshine in the increased number of 
nutomobiles and tractors rather than in calories. 
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BREATEhNG WELLS AND PRESSURE CHANGES. 

hfr. Jdin Free, of P\aw Cnrlisla, Clark County, Ohio, 
hiis h p t  tb daily rocoril of tho “ Ixeathiiig” of his well 
( s w  this ~IEVIEW, Nov., 1315, 1). 563) through the month 
of ZJel.)ruary, 1916, tlnd liw sent it to this bureau with 
thc remark “In loolcing over the high and low pressure. 
imps for Novcniber I see that 11011e crossed Ohio; but 
iiiy well was active just thc same.” 

conipare the subterranmii conditions with the pressurb- 
chiinges going on at the earth’s surface and recorded 
at our Weather Bureau stations. The following table 
presents Mr. Free’s observations, and in addition the 
12-hour changes in pressure at Columbus, Ohio, as tele- 
graphed to the central office at 8 a. m. and 8 p. m. daily, 

$ 7  1liis record is very interesting for it permits us to 
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W d l b b -  

A . n .  I p.n. 

Data. Weat . 

TABLE l . - R d  of brathing well at New Carlwle, Ohw, and pramre- 
dricmgsr at Columbur, Ohio, Fcbuory, 1916. 

Columbus Ohio, 
12hm ireuswe- 
changes. Remarks. 

8a.m. I 8 p . m .  

palr ............. .................. .................. .................. 
.................. 
B n d g  ......... 
.................. .......................... .................. .................. 
Raintag ......... .................................. 
Bnonflurrfpl... . .................. .................. .................. .................. 
Bllrserd ......... 
snowing ......... .................. .................. .................. .................. 
.................. .................. 
Snowlug ......... .................. .................. .................. 

Feb. 1 
1 
0 
4 

6 
6 

7 
8 
9 
10 

11 
11 
19 
I4 
I6 
16 
17 
18 
19 
!a 
11 
22 
2a 

24 
15 
OB n 
l8 
PD 

In ..... In .......................... 0.28 0.16 
Out ... Out. .. SnowUurryatnight -0.12 N m .  
In ..... ~n .......................... 0.10 am 
In..... Out ... IntoOa.m.;~tat  0.08 -0.18 

out. ...... &.-- outtiuevening .... -0.22 -am 
OUt-.. ........ Stoppeablowlngin -0.l2 NOM- 
~n ..... Qulet. Q z 3 p . m  ..... aas am 

out. ....................... -am -0.34 
Quiet. In..:.. Quietat9a.m ..... 0.08 a24 
In ..... out ... IntIll9a.m.;out 0.08 -0.02 

Out .... In ..... Inat p. m ........ -0.14 -0.14 
N o n o r d  ......... -0.10 0.12 

In..... In..... BnowawL,p.m. a n  a24 
In Out Outat 4p. m 0.10 -0:m 
out ... out ........................ -am -0.16 
out ... out ........................ -0.18 -an 
out ... out. ....................... --am -am 
Out. .. In ..... h a t 3  . m ........ -0.16 0.28 
~n.... .  out ... outat f p . m  ...... + o . ~ o  -0.10 
out. ..In ..... 1nat1p.m ........ -0.24 0.24 
b ..... out ... out innevening ..... 0.34 -ai0 
out ... out... ..................... -ais -0.m 
Out.. . In ..... Out until9 a. m.; -a08 a i 0  

Out- .. Out ........................ -0.14 -0.08 
Quiet. Quiet. -0.m 0.10 
Out ... In ..... OutuntUIlp. m. . .  -0.16 0.08 
~n ..... In .......................... 0 . a ~  ai4 
In ..... Out ... Inuntll2 . m ..... 0.m -0.14 

1 p. m. 

at lp m. 

..... ... ...... 

in in evening. 

..................... 

out ... ~n ..... 0utuntil la.m .... -0.04 0l1~ 

Columbus, Ohio is about 55 miles (87 kilometers) 
almost due east of hew Carlisle, and its pressure changes 
may be taken as sufficiently representative of those taking 
place a t  New Carlisle to serve for com arison with the 

h g  prcssurs-&~ee were accompanied by inspirations 22 
times and no breathing in 4 cases, while fding plrressure 
changes were accompanied by expiration 27 times and by 
no breathing only twice. On one occasion (afternoon of 
the 11th) there seems to have been a case of inspiration 
during apparent falling pressure, which may represent an 
occasion of temporary rise in pressure between the two 
tele aphic reports iven in the table. 

$e table mll mate it plain that even though the daily 
weether maps show no centem of high or of low pressure 

assing direct1 over Ohio, and certainly not over New 

constantly va ‘ng in pressure as storms traveled across 
.the country. %us, from the mornin of the 1st to the 

taking in ,air, predominant 9, while the synchronous 
premure changes were predormnantly positive. This was 
under the influence of the general nse in pressure due to 
the eastward mbvement of the high area whose crest 
occupied the Dakotas, Nebraska, and Kansas on the 
mornin of February 1, but had moved across Ohio to 
West Vg Irginia by the morning of February 4. 
. Again on February 13-14 the well was breathin in 

changed to fallin pressure on the afternoon of the 14th, 
and the .wall d a l e d  continuously for four days as 
the Mure  steadily fell before the advance of the 
soutfern p r h e r y  of a great low whose center never 
came sout o the Great Lakes. During this period Ohio 
was always on the southern skirts of the depression; the 
mter of the low did not pass over Ohio. 

well breathings. It a pears from Tab f e 1 that, out of 
56 recorded pressure-c % anges and well “breathings,” ris- 

8arisle, nevett 1 eless the atmosphere over the State was 

evening of the 4th of Februarp 1916, %ip . Free’s well was 

under the influence of a shghtly rising pressure w f ich 

App&&ma of t7h phenomenm.--This retbtbn b& 
pressure-cha es and earth brea Ius hen recop: 
and studied I? or some time. Priv 7 te efforts hkve t 

midl forecasts.’ In ‘ 

forecasts or warnings of conditions producin mine e q  

telegraph marked changes in presyure to the m e  op 
tors and thus enables the latter to form their own cor.. 
sions as to the probability of danger.+. A., jr. 
53-L 55‘6,/% 

sions; but it authorizes certain of As loml f orepwteis 

ALTO-CmKULUS WII’H VJBGrnUB, 

The cloud form illustrated hy a rough sketr.h in 
REVIEW for December, 1915, pt.gt: 614, but mcm pro 4 

called “alto-cumulus’with virp1Ius” (as was :!wiyite 2 .- 
seem to be better known in t8L Z r ~ ~ ~ ~ & a t e s  than 
first correspondent thought. 

March 25, 1915,- 
This clam of clouds is Been freqi:,?:. tly iir !.his d e y  [Grand Ri. 

especial1 in the apring when we .:rp vntr*liiug for h t s  that 
our hit%loesoms. 

P d b l  Bome may be interested iii rlit! +a e of them clouds M 
Bee themKere. 1 wdl try to make &etch.+ orthem this spring. 

M i .  Willsea calls our atteiitim to the fact that t,k- 
clouds were described and skstdied but not specific. 
named at  Blue Hill, Mass.. o s  long aFo as 1888. The ! 
lowing is taken from H. €i. Clayton s “Discussion of 
cloud observations:” 

The formation of cirrus from clouds of the cinu-cumulur 
alto-cumulus ty e has been y e a t d l y  observed. Figures m, n, - 
[op. cit., Plate f I ] ,  are all ta en from rough sketchea made by- 
writer at the time of observatioK These forms apparently all ie-.- 
from descending cloud partidm. The ?pvy iclea fell f:..: 
and succeeding particles followd the m e  p a e n  account of ,. 

leas -ce, and thus formed long fibera whi& were usually 
ried backward from the cloud on mount  of the decresse of wind 
locity with lower altitude. The form m, with fibera suspended 7: 
vertical, was observed on several occaaiom, and care waa taken to ..- 
bin that the apparently nearly vertical direction of the fibere w. 
an effect of pempective. As B rule, the suepended fibera were 
backwadin the direction @m which the cloud moved, aa h w n  :- 
On watching theae clouds it ie men that the fibera move continz: 
outward from the clouds, until the entire cloud ia drawn out into. 
anus. Several times cu~ls ( I )  were observed to elongate fmp, 
top bf cimcumulus clouds, aa shown in figure k, Plate VI, U; 

sketch made July 3, 1888, the am bein a parentl drawn uiii- 
by a more rapid current at the top than at Shegase of & ckm-iwi. 
Similar formations of cirrus e m  the tope of the cirrocumulus ! 
were obaerved on several occaaom. 

The writer haa ale0 repeatedly Been cirrvelike fibers drawn out ’:. 
small cumulus clouds, sometimes from the top snd Bometimea from 
base of the cloud, and once from both at-the aame t h e ,  thus giv& 
the cloud a very fibrous appearance. Moat of these CBBBB CG: 
dur’ the htty put of mnter or in the spring, and .uedy  &: 

a m 3  the &tmg in of a very low temperature, Bornetmea below 
E’shrenheit. Them clouds appear to float at the sume altitude ae . 
nary cumulus. The following nota of measurements made on 
locities and dtituden of thii t e of cloud wy recorded on A k =  
1894: “At 3 p. m., one or tm?arge cumulus in the muth had 

by Prof. Talman in the issue I‘m J: 1915, 2. 2- 

Mr. J. B. Willsea, of Fruita. i‘olo.. +tea under date 
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